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MEMORANDUM FOR FILE 

A compromised Apollo 1 4  l u n a r  l a n d i n g  m i s s i o n ,  launched  
on J a n u a r y  31, 1971, i s  s t i l l  p o s s i b l e  even i f  t h e  S-IVB can  o n l y  
i n j e c t  t h e  s p a c e c r a f t  i n t o  a n  e l l i p t i c  t r a j e c t o r y  w i t h  a n  apogee 

a l t i t u d e  greater t h a n  1 0 5 , 0 0 0  nm.  T h i s  apogee c o r r e s p o n d s  t o  
a n  S-IVB c u t o f f  approximate ly  8 seconds  p r i o r  t o  nominal c u t o f f .  
F i g u r e  1 i l l u s t r a t e s  t h e  apogee a l t i t u d e  ach ieved  as a f u n c t i o n  
o f  seconds  of  unde rburn .*  I f  a n  e a r l y  S - I V B  shutdown o c c u r s  p r i o r  
t o  8 seconds  from t h e  nominal t i m e ,  t h e  m i s s i o n  w i l l  be a b o r t e d .  
T h i s  memorandum d i s c u s s e s  t h e  t y p e s  o f  s a f e  e a r t h  r e t u r n s  ava i l -  
a b l e  i f  a TLI  underburn  should  o c c u r .  

Underburn T r a j e c t o r y  C h a r a c t e r i s  t i cs  

Tab le  I summarizes some p a r a m e t e r s  of  t h e  underburn  
t ra jec tor ies  i n c l u d i n g  apogee and p e r i g e e  a l t i t u d e s  and r e e n t r y  
c o n d i t i o n s  where a p p l i c a b l e .  Up t o  2 s econds  e a r l y  S-IVB s h u t -  
downs r e s u l t  i n  c i r cumluna r  t r a j e c t o r i e s  which r e e n t e r  t h e  e a r t h ' s  
a tmosphere.  A 2-second e a r l y  c u t o f f  r e s u l t s  i n  a c i r c u m l u n a r  
t r a j e c t o r y  which i s  p e r t u r b e d  by t h e  moon such  t h a t  it becomes 
a v e r y  large e l l i p s e  ( approx ima te ly  5 0 , 0 0 0  by 438,000 nm) w i t h  a 
p e r i o d  of 35 days .  A 3-second e a r l y  shutdown r e s u l t s  i n  a cir- 
CUmlUnar t r a j e c t o r y  which does n o t  r e e n t e r .  Four t o  s i x -  
t e e n  second underburns  r e s u l t  i n  e l l i p t i c  t r a j e c t o r i e s  which do  
n o t  e n t e r  t h e  moon's s p h e r e  of i n f l u e n c e .  

P r o p u l s i o n  System Abort C a p a b i l i t i e s  

The maximum AV c a p a b i l i t i e s  of  t h e  v a r i o u s  p r o p u l s i o n  
sys tems t h a t  migh t  be a v a i l a b l e  f o r  a n  a b o r t  are summarized i n  
Table 11. These AV c a p a b i l i t i e s  i n c l u d e  as u s a b l e  p r o p e l l a n t  
t h e  3a d i s p e r s i o n s  p r o p e l l a n t  c u r r e n t l y  a l l o t t e d  f o r  t h e  SPS, 

t h e  DPS and t h e  APS. ( 2 )  The RCS c a p a b i l i t y  i s  based  on 975 l b s  
u s a b l e  p r o p e l l a n t .  ( 3 )  

A b o r t  Requi reme n ts  

F i g u r e s  2 and 3 i l l u s t r a t e  t h e  minimum r e t u r n  t o  e a r t h  
t i m e s  f o r  A V ' s  o f  140 f p s ,  2000 f p s  and 8000 f p s  c o r r e s p o n d i n g  
rough ly  t o  cases 1, 2 and 4 of Table 11. F i g u r e  2 shows t h e  

*The cor respondence  shown h e r e  between t i m e  o f  e a r l y  
S - I V B  c u t o f f  and apogee a l t i t u d e  v a r i e s  s l i g h t l y  from t h e  ope ra -  
t i o n a l  t r a j e c t o r y  d a t a  due t o  d i f f e r e n c e s  i n  t h e  s i m u l a t i o n  model. 
The r e s u l t s  p r e s e n t e d  i n  t h e  memorandum are v a l i d  f o r  t h e  apogee 
s t a t e d .  



, 

BELLCOMM. INC. - 2 -  

d i r e c t  r e t u r n  a b o r t  p o s s i b i l i t i e s  i f  a m i s s i o n  s a l v a g e  maneuver 
w i t h  t h e  SPS d i d  n o t  t a k e  p l a c e .  E i t h e r  t h e  SPS o r  t h e  DPS can  
p r o v i d e  s u f f i c i e n t  AV t o  o b t a i n  a d i r e c t  s a f e  r e t u r n  of  t h e  
s p a c e c r a f t  t o  e a r t h .  Circumlunar  a b o r t s  would a lso be f e a s i b l e  
i f  a minimum t i m e  r e t u r n  w e r e  n o t  i n d i c a t e d .  RCS c a p a b i l i t y  
would p robab ly  b e  s u f f i c i e n t  t o  make a c i r cumluna r  abor t  maneuver 
f o r  some s h o r t  p e r i o d  o f  t i m e  a f t e r  T L I .  

F i g u r e  3 shows t h e  a b o r t s  from t h e  t ra jec tor ies  w i t h  
less t h a n  105,000 nm apogee.  A d d i t i o n a l  da t a  n o t  shown i n  
F i g u r e  3 i n d i c a t e s  t h a t  s a f e  e a r t h  r e t u r n s  u s i n g  on ly  75 f p s  are  
p o s s i b l e  w i t h  maximum r e t u r n  t i m e s  o f  9 1 ,  81 ,  and 4 0  h o u r s  a t  
T L I  + 3 hour s  f o r  7,  9 ,  and 1 6  second unde rburns .  The maximum 
r e e n t r y  v e l o c i t y  c o n s t r a i n t  o f  37,500 - 38,000 f p s  i s  n o t  v i o l a t e d  
f o r  any of t h e  cases c o n s i d e r e d .  

F i g u r e  4 shows a g e n e r a l i z e d  p l o t  of t h e  minimum 
r e t u r n  t i m e  d a t a ,  t h a t  i s ,  t h e  f r a c t i o n  of  the  e l l i p s e  p e r i o d  
it w i l l  t a k e  t o  r e t u r n  t o  e a r t h  f o r  v a r i o u s  AV's c a p a b i l i t i e s .  
T h i s  i s  m i s s i o n  independen t  and can  be used t o  estimate r e t u r n  
t i m e  from any g e o c e n t r i c  e l l i p s e  w i t h  p e r i g e e  a l t i t u d e  o f  % 9 0  nm. 

The a b o r t  d a t a  shown i n  F i g u r e s  2 and 3 are f o r  un- 
restricted e a r t h  l a n d i n g  p o i n t s .  These l a n d i n g  p o i n t s  sweep 
across t h e  major l a n d  masses: A u s t r a l i a ,  A f r i c a ,  and South  
America. Thus,  i n  some cases t o  a v o i d  l a n d  l a n d i n g s  a s l i g h t l y  
l o n g e r  t h a n  minimum r e t u r n  t i m e  must be  employed o r  t h e  t i m e  of 
t h e  a b o r t  maneuver must  b e  de l ayed .  For  a maximum a b o r t  AV o f  
8000 f p s  t h e  r e q u i r e d  d e l a y  can  be as long  as two h o u r s .  

P rema tu re  Shutdown Durinu a n  Abor t  Maneuver 

S i n c e  t h e  amount of AV used  d e t e r m i n e s  t h e  t i m e  of 
f l i g h t  from t h e  maneuver t o  e a r t h  l a n d i n g ,  v a r y i n g  t h e  magni tude  
of a b u r n  w i l l  change t h e  e a r t h  l a n d i n g  p o i n t .  A r e p r e s e n t a t i v e  
case, a b o r t  a t  T L I  + 1 0  hour s ,  h a s  been examined t o  d e t e r m i n e  
t h e  AV c o s t  of  o b t a i n i n g  a m i d p a c i f i c  l a n d i n g  and t h e  e f f e c t  o f  
2.n e a r l y  c u t o f f  d u r i n g  t h e  a b o r t  b u r n .  T a b l e  I11 summarizes t h e  
n e c e s s a r y  AV f o r  a m i d p a c i f i c  l a n d i n g  and t h e  corrective AV neces-  
s a r y  t o  o b t a i n  a w a t e r  l and ing  i f  an  e a r l y  shutdown o c c u r r e d  
d u r i n g  t h e  a b o r t  bu rn .  For  example,  i f  t h e r e  were a n  8-second 
T L I  underburn ,  3000  f p s  a t  TLI  + 1 0  hour s  would be r e q u i r e d  t o  
a c h i e v e  a m i d p a c i f i c  l and ing .  I f  t h e r e  were an  e n g i n e  f a i l u r e  
d u r i n g  t h e  a b o r t  and on ly  2 0 0 0  f p s  w e r e  o b t a i n e d ,  t h e  s p a c e c r a f t  
would r e e n t e r  b u t  would l and  i n  t h e  I n d i a n  Ocean. I f  o n l y  
1 0 0 0  f p s  were o b t a i n e d  du r ing  t h e  maneuver, t h e  s p a c e c r a f t  would 
n o t  r e e n t e r  and an  a d d i t i o n a l  maneuver would b e  n e c e s s a r y .  ~t 
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s h o u l d  b e  no ted  t h a t  a premature  shutdown d u r i n g  t h e  a b o r t  b u r n  
would a lmos t  always r e q u i r e  an a d d i t i o n a l  t r i m  maneuver t o  
o b t a i n  a r e e n t r y  f l i g h t  p a t h  a n g l e  c o n s i s t e n t  w i t h  m i s s i o n  con- 
s t r a i n t s .  For  any a b o r t  underburn ,  i n c l u d i n g  t h o s e  a b o r t s  t a r -  
g e t e d  f o r  8000 f p s ,  t h e  SM/RCS can  p r o v i d e  s u f f i c i e n t  AV t o  o b t a i n  
r e e n t r y ;  however, a water l a n d i n g  c a n n o t  be  g u a r a n t e e d  i n  a l l  
cases. Cons ide r  t h e  case of an  8-second TLI  underburn  t r a j e c t o r y  
shown i n  Table 111. P r e m a t u r e  a b o r t  shutdowns between 2000 f p s  
and 1 0 0 0  f p s  would r e q u i r e  t h e  s p a c e c r a f t  t o  l a n d  on A u s t r a l i a .  
The SM/RCS c a p a b i l i t y  i s  n o t  s u f f i c i e n t  t o  g i v e  l o n g i t u d e  c o n t r o l  
of  g r e a t e r  t h a n  10' r e g a r d l e s s  of  when t h e  RCS maneuver t a k e s  
p l a c e .  F i g u r e  5 i l l u s t r a t e s  t h e  SM/RCS AV c a p a b i l i t y  f o r  CSM 
o n l y  and CSM + LM c o n f i g u r a t i o n s  as a f u n c t i o n  of  t h e  magnitude 
of t h e  SPS o r  DPS a b o r t  burn .  

Summary 

A l l  underburn  t r a j e c t o r i e s  examined are DPS o r  SPS 
a b o r t a b l e .  SM/RCS can  p r o v i d e  a b o r t  c a p a b i l i t y  f o r  t r a j e c t o r i e s  
r e s u l t i n g  from g r e a t e r  t h a n  7-second unde rburns .  I f  a n  abort  
b u r n  of  8000 f p s  were t a r g e t e d  a t  T L I  + 1 0  hour s  and a n  e a r l y  
e n g i n e  c u t o f f  o c c u r r e d ,  t h e  SM/RCS c o u l d  s a f e l y  r e t u r n  t h e  space -  
c r a f t  t o  e a r t h  w i t h  a p o s s i b l e  w a t e r  l a n d i n g .  

2013-MKB-slr 

A t  tachme n t s  

M .  U K B a k C c  K .  Baker 
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